Results-Proteoglycans were observed as aggregated clumps with PEI staining by the pre-embedding method, but as fine filaments by the postembedding method. They were lost with enzyme digestion; this was also demonstrated by the QF-DE method. The ultrastructure was well preserved by the QF-DE method when fixation and washing procedures were included, but not without these procedures. A fine mesh-like structure was connected to the cell membrane in the pericellular matrix. Filamentous structures suggestive of aggrecans were observed among collagen fibrils. They had side chains, approximately 50 The tissue blocks were fixed with 2% paraformaldehyde in 0-I moml sodium cacodylate (SC) buffer at 4°C for one hour, and then washed with the SC buffer. They were treated with a solution of 1 -1% sodium chloride (NaCl) and 05% PEI (mol wt 70 000) ( Wako Pure Chemical Industries Ltd, Osaka, Japan) in distilled water, adjusted with hydrochloric acid (HCI) to pH 7 4 , at 4°C for one hour,9 10 Some ultrathin sections were digested with the chondroitinase ABC solution at 37°C for one hour, as described above. Then they were processed for the same PEI staining procedures.
The same experiments were repeated using another PEI, of molecular weight 2000 (Aldrich Chemical Co, Milwaukee, USA).
QUICK FREEZING AND DEEP ETCHING METHOD
Immediately after removal, the cartilage tissue blocks were fixed with 2% paraformaldehyde in 0-1 moll phosphate buffer, pH 7-4, for 30 minutes and the cut tissue surface sliced with a razor blade to remove surface matrix proteins solubilised in the buffer, as described previously.29-3' They were then rinsed in 10% methanol diluted with distilled water to prevent ice crystal formation, and quickly frozen on a copper block cooled with liquid nitrogen under a JFD-RFA freezing machine (JEOL, Japan). The cut tissue surfaces were carefully freeze fractured with a scalpel in liquid nitrogen, as described previously.29-3' The frozen specimens were put into an Eiko FD-3AS freeze fracture device (Eiko Engineering Ltd, Ibaraki, Japan) and deeply etched under vacuum conditions of 10-7 10-8 mm Hg at a temperature of-95°C for 20-30 minutes. After the deep etching, the specimens were rotary shadowed with platinum at an angle of 30°and then with carbon at an angle of 90°. A drop of 2% collodion in amyl acetate solution was put onto the replica membranes as soon as they were removed from the machine, in order to prevent them from breaking into pieces during the following digestion procedure. The replicas coated with dried collodion were treated in 0-1 molll HCI solution and with household bleach for 30-60 minutes to dissolve the tissue components, and transferred into distilled water, from which they were placed on Formvar filmed copper grids and immersed in amyl acetate solution to dissolve the dried collodion.
Some fresh tissue blocks were frozen immediately after extirpation without any treatment and processed for the QF-DE method, as described above.
PREPARATION OF CONVENTIONAL ULTRATHIN SECTIONS
Some tissue blocks were routinely fixed with 2-5% glutaraldehyde in phosphate buffer for one hour and postfixed with 1% osmium tetroxide in phosphate buffer for one hour. They were dehydrated with a graded series of ethanol and embedded in epoxy resin. Ultrathin sections of the specimens were prepared, and stained with uranyl acetate and lead citrate.
All replica membranes and ultrathin sections were observed with transmission electron microscopes (Hitachi H-600 and H-8100) at an accelerating voltage of 75 kV. Some stereo pictures were taken at tilting angles of ± 5°. Electron micrographs of the replicas were printed from the inverted negative films in order to make platinum deposits appear white.
Results

CONVENTIONAL ULTRATHIN SECTION STUDY
The cell surface was undulating, and with cell processes protruding from it. The pericellular matrix formed a clear zone in which electron density was relatively low; morphological structures were scarce, but numerous electron dense granules were observed. The sizes of the granules became smaller the furthex from the chondrocytes, and thei density decreased similarly. Othe were also observed between the coll. in the interterritorial matrix (fig 1) . HISTOCHEMICAL fig 4A) ; ne filamen-they appeared, rather, to be buried in amorpericellular phous material. In the replica specimens that :re lost after were fixed with paraformaldehyde and washed ;eneral, the in the buffer solution before the freezing, fine, the enzyme three dimensional extracellular matrical struc--embedding tures could be observed ( fig 4B) . The following -tion of the findings relate mainly to the latter replica y the post-preparations. B).
Cytoplasmic processes and vesicular strucith PEI, the tures were observed along the smooth cell tated, and surface, and cell organelles were clearly visible precipitated in the cytoplasm ( fig 5) . matrix, the
In the pericellular matrix, many filaments ed, and the were closely attached to the cell membrane and ited around processes of the chondrocyte, forming a meshwork. The sizes of the pores in the mesh increased gradually the further they were from the cell surface, and the filaments also became thicker in the same fashion. The and thinner, and the filamentous structures between them more abundant, compared with the interterritorial matrix (fig 8) .
The collagen fibrils had numerous and varying, thin and short (5-30 nm in length) filaments protruding from them at irregular intervals. Occasionally, these lateral filaments connected the collagen fibrils to each other or to other structures (figs 6, 9 but the term 'precipitation of proteoglycans' in itself probably implies the destruction of their normal structure and relationship with other matrix components-a phenomenon well demonstrated in figure 2C and F. In order to overcome this problem, we embedded the cartilage specimens in the hydrophilic resin, LR White, and stained them histochemically with PEI by the postembedding method. In this way it was possible to observe, particularly in the ;-. <i-; pericellular matrix, fine filamentous structures which we consider to be abundant proteoglycans. Their disappearance after digestion Figure 4 Replica electron micrographs without any treatment (A) and with buffer washing (B with chondroitinase ABC also suggests that they were mostly proteoglycans. This postembedding histochemical method is considered useful for visualising native proteoglycans in an extended state without precipitation. However, proteoglycan profiles obtained with this method were very delicate. In addition, it was difficult to achieve a uniform infiltration of PEI particles and other contrasting agents throughout the entire section, and the PEI probably reacted with anionic sites of proteoglycans only on the surface of the ultrathin sections. Furthermore, it was difficult to clarify the relationship between proteoglycans and other structures that were superimposed in the sections. Even the quick freezing and freeze substitution method, which has been found useful for preserving native articular cartilage,3 18-21 may not resolve this problem because of its two dimensional perspective, and three dimensional analysis on the basis of two dimensional profiles thus remains problematic. 34 With the quick freezing-deep etching method, and with buffer washing procedures performed after the paraformaldehyde fixation, fine extracellular structures could be visualised three dimensionally. In our metal contact method with liquid nitrogen, cartilaginous tissue blocks were quickly frozen without visible ice crystal formation within a depth of approximately 8 gm.27"31 It is probable that this cryofixation process is more natural than those using conventional chemical fixation,32 and that as a result, tissue structures may be observed in a relatively natural state. In living tissues, however, there are always many extracellular materials, including soluble proteins related to cellular metabolism; when these are not removed during preparation of the specimen, the extracellular structures remain obscured and unobservable. Thus in specimens that were not washed with buffer solution but were frozen immediately after their removal, extracellular matrix components were rarely displayed, but amorphous structures, under which the structural components were located, appeared to constitute the extracellular matrix. These must be removed in order to observe the matrix components; if not, the morphological profiles obtained represent not native extracellular matrix components, but modified ones. In the present study, we used the buffer washing method after paraformaldehyde fixation, and were able to visualise fine structures that we believe were representative of the insoluble extracellular matrix components, though they may have been modified to some extent by these procedures.
As shown in figure 5 , a highly interconnected filamentous meshwork was observed in the peri- Among the collagen fibrils (C), there are severalfilamentous structures (asten'sks), which fill the intercollagenous spaces: they have laterally protruding side chains, some of which are connected to other structures. Bar represents 100 nrn. 
